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‘ . SUMMARY )
i Module No. Modu]e Title: N
¢
Bas1c E]ectr1c1ty
- . Topics:
bl
Approx. Time 1. Introduction '
' 2. Electrical Terms and Measures
3. Wiring Materials and Pra¢t1ces J
14 hours 4, &uses and Breakers ..
5. Motors -
t
6. Safety k,/
R 7. App11cat1on
L » - .
§OWFFh]T Objectives: h
. ‘ .
bpbn completion of this module the learner should have.a basic unders tanding of,
e]ectr1c1ty, shoghq be able to measure voltage and current, should be able to
read an electric meter, should be able to calculate voltage, current, or ~
{ resistence using-"ohn's law", and should respect e]ectr1c1ty and exercise safety
3 Pwhe dea11ng with e]ectr1ca1 appliances (motors, etc. ) x

Instructional Aids:

Handduts
Transparancies
Meter

Model

Instru?tiona] Approach:

Lecturé
Demonstration
Discussion

Hands-on

¢
. -

L

References:

g

>
‘.,

1. Unders:/yﬁ1ng and Us1nq Electricity, M;Kenz1e and Zachar1ah

2. Electri c1ty Fundamentalsy Baker and Crow, Howard M. Sams &'Co

4

A »

Inc., Kansas City |

Class Ass.ignments:
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(Hodule Ro: Topic: ,
- SUMMARY VAR ¢ b
- , v
Tinstructor Hotes: Instructor Out}ine;{( .
/ : A} ‘

The module
problém solution and hands-on ivity

It is sdgoested that the students each have a
copy the text. (Understanding and Using

Elecyricity). It mav be obtained from:

erstate Printers’ & Publishers, Inc.
nville, I1linois . 61832

ele. 217-446-0500 , 1
Cost $1.95 per copv

Table 1 and Figure.1ll detail the-materials. and
show an appropr1ate model for the hands-on

act1v1ty “

The fo]10w1na additional equioment shou]d be
available for hands-on activity,

A. Voltage - resistance meter

B. Current,meté?n(émméter)\ .
C. Ground fault igternup%or

D. Fuses (blown and good-ones)"

E. Wire samoles of Various sizes

{
F. Three-prong receptacle check instrument .

Thé\evaluat1on should include both the written
evaluation and performance to the instructor's
satisfaction of the hands -on ac;1v1ty

This is a module to* give the student a bay

_ understanding of electricity. “Special e has1s

should be directed to "safety”. - The student will
not be an electrician upon como1et1on of the

/bas1c e]ectr1c1tv module..

ncludes traditionale%ecture, in class .

N

L2
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Module HNo: Module Title: £ B .
4
Basic Electricity :
Submodule Title: - gt
{
Introduction !
Approx. Time: ' §
) . 4 Topic: . '
f%3 hours . .. -
Objectives: ’
1 Def1ne electricity ,
2. Define a conductor and g1ve two examples of good conductors-
3. _Define an insulator and give two examples of good insulators. Yo
4. Define the difference between direct and a1ternat1nq current as a functioh

of electron flow.

5. Diagram single phase and three phase voltage curves (AC): . .
6. NDef1ne the purpose of a tragsformer. .

bIns-tructmqal Aids: ‘ o :
1. Tran;pa”ant1es - ' - .
2. Text (Referericg #1 is the text for the workshop) .

. * ° TN
Instructional Appreach: - -
R T, - ~ - ) «
1% lecture , _ .
2. Discussion . S . :
N . - / R s * . ‘ ‘

d /

ReferenceS'
o ——

1. Understandlng and Usihg E]ectr1c1ty, McKenzie & Zachar1ah, Interstate Printers
and PubMNshers; Inc., Danv111e, \I1linois 61832 (text).

g .

Clavs A5519nn£nts .‘. BN .
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Introduction
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es:
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Ingtructh Outiine:
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Figure 1 - Dija
atoms
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%
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]
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[
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gram of typical
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&

I. Definjtion of"é]eptricity 7 .

=" In-this modufe, electriCity shall be defined -
as the noverfent of electrons through a

conductorz/
%. Atoms / ., - ' -
1. "Made uo of protons, neutrons, and

lectrons. Protons and neutrons:
in the nucleus, electrons travel ;
‘in orbits around the nucleus. .
Charges:’ Protoné*ppsitive -
Electrons-negative. '

. AR T
When number. of protons equal "the
number of electrons the atom has no
‘charge. ’ .

Atoms can give upon arid take on ,
. electrons. THE movement of the

‘ electrons from one atom to-another
/“;'», results in an electric Current .

/ S . w" - . . ., .
‘B. + Con'ductors - e
£y Materials ﬁhgf are made up of ‘atoms
T which readily allow their electrons

. to move.from atom to atom. . Examples:
" Copper, aluminum; s p ‘water,

ilver, ta Y
damp soil, human boéyc 4

-

%

~C. Insulators .

Materials made up of atoms whth their
electrons more tightly bound are called
insulators i.e. thé atoms do not allow _
the .relatively fr&e Tovement of elgctrons
Examples: - Glass,

from atom to atom.
plastics, bake]ite,\oi1,'gg§gr

\

rubber,
water, dry sandyv soil.
N

3
’

- vt
?
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© Page _ 9 of 57 . .
I
Topiq: . . N
" Introduction ;
Instructor Qutifne: * . b
IT. Sources of Electricity e
., .

Friction - electric charge proved by
rubbing certain materials together,
frequently called static electricity.
Becausé the gharge builds up without
the flow of Current. It js of little
practical value and can be a nuisance,
even a hazard. 3 :

Heat - electricity can be generated by
connectind two dissimilar metals and
heating the Junction, electrons widl
pads from one meta} to the-other, -

Light - some maté}ials can produce
electricity when subjected to light;

-y

“termed photoyoltaic. A

Chemical Action - épmbinations of,
Certain metals placed in special
solutions, called e%ictrolytes can,
result storage batte ies .produce - !
electricity from chemical action, The
three most common typ?§ of storage
batteries are: . : :

1. Lead-acid \ .‘ .
2. Edison " ‘ '
3. NickeT-cadmium

method of producting e'le
-quantities. Michaél Far ddy [p 1831
[discovered that if 3 coi]&of copper wire
is rotated in a magnetic field cutting
across the lines of magne ic'force, an;
electric charge is. created or induced in
the wires. (A magnetic drawn through -a
coil will also géperate el striciﬁy?

Magnetic Action - this i§ the most cormon .

% .

Alternating current (AC), is|a current
flowing first in one direction and then
in the apposite . direction. This can be
shown_ frem consideration of h generator
3s a sindle loop being rotated in.a

L

‘

tricity in large -

£
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Instructor Notes: .

Instructor Qutiine:

Figure 2 - One cycle of. AC

current.

.
"~

magnetic field.” The full.cycle of -

an alternatin
from zero to
to a maximum
back to zero.

g current is shown going
a maximum, back to Zero,
in the reverse direction,

4

‘E]ectrTéity generated in the 'y, ..
sixty of the above described cycles

is

-

per second. _(

Term for cycles per second

. ngure 3 - Single phase and
three phase current

is hentz).
basic two wi

Single phase current is‘the
re 60 hertz <dvrent. Three

phase current is three

single phase

combined with
spaced. Note
peaks (actual

peak voltages equally *
that the distance between
ly the time between peaks)

is reduced to one-third of the single
phase distance (time) between peaks. °

F.

Ay

Trans formers - electricity (
“generated by rotating a Toop

current) ‘is
ina

.

magnetic firld.
by wrapping a mat

It is also true thdt'

erial

such as soft jron

with a coil of wire.and

passing a

2
L3

-

Figure 4 - Transformer
Schematic

Current’ throu
soft iron.
enables the

gh the wire magnetizes the
It is this principle whith

transformer to exist.

The

transformer is then a device fo; : ¢
stepping up or stepping down the voltage.
. . a

The formula’ indicates the. relationships
of the transformer. R

Primary voltage = Secondary voltage

Primary turns Secondary turns

Given: 120 volts

\ 100 turns on orimary
Wanted: 24 volts . *

The number of “turns on the secordayy
winding must then be-20; therefore

. Ve

120 = 24 -

100 29
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) FIGURE 4 ° Page 13 ‘of 57 '
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~

B

This would be a "step down" transformer

i.e. the voltage is stepped down fram
120 volts to 24 volts.

A "step up" transformer is used to

increase the voltage from the- primary
to the secondary windings. v

It is important to understand. that
stepping up the voltage does not
result in an increased power.” (Power
will be discussed in next section).
Transformers neither increase nor

» décrease the power transferred except

for a slight decrease due to losses
within the transformer itself. An_

example problem will be included in theQ

next section. .
Direct Current {DC) - for purposes
within this module direct current is-
defined as that current which results
when electrans flow in only one
directioh. (Electrical system in newer

automobiles is 12 bolts DC), %

~

2

A

|
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. Page *: of~ = .
Module MNo: Module Title: ' 1
Basic Electricity :
) Submodule Title:
Approx. Time: » 3 Electrical Terms and Measures - .
' Topic: - )

3 hours
Objectives: ' v: "

1. Define a closed circuit. ’

2. Define an open circuit. -. ’ .

3. Define a short circuit. ’ . :

4. Define by matching: A, Current, B. Amperes, C. Ohms, D. Voltage,

E. Watts, F. Kilowatt Hours. . , ‘
5. Given any two of three variables (voltage, current, or resistance) solve

~ " a problem using "Ohm's Law".
6. Given a picture of a pointer register kilowatt hour meter, gijve Ege‘reading.

®

Instructional Aids: o . T

1. Transparencies )
2. Handouts ’ )

'S

7 «
. . _
. P .

Instructional Approach-

. 1. Leoture
2. Discussion

AClass Assignments:

/ . ) . . & ‘ \

References:

~ *

" 1. Understanding the Using E]ec%r%é&ty, McKenzie & Zachariah. . - ! P
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Instructor Notes:

.

Instructor Outjine:

o

’-‘»
g '&g“

Qpen circuit

Figure .5 - Clesed

circuit,,

¢

I.

¢

-
L -

Circuits - Electrical current is the flow

of electrons in a ‘condyctor. - The electrons’

are not "used up™, they flow around a path

or a circuit. The pathway begins at the

source of power (generator or battery) goes

to the "load" (motor or Tight), passes

through the load, and back to the source.

It is important to realize that for an

electrical current o flow, the pathway

must be continuous, -unbroken, or a complete

circuit. X

Y . \ .

A. "Closed Circuit - a circuit that provides
a complete pathway for electric.current
to flow. - ' .

B. Open Circuit - 3 Circuit that is not
closed i.e. it has been broken, or:
disconnected or opened by “a switch,
fuse, circuit breaker or other opening
in the line.

C.  _Short Circuft - improper or-accidental
contact between two or more wires.,

IT. Electrical Measures \ ‘

A. " Current - the unit for the rate of current -

‘flow is amperes. Current is the name'

for the flow of electrons through a !
conductor. -The main point is ‘that the
rate of current flow is measured in
amperes. , '

B. Resistance - resistance is that which

~ cuts down the rate of current flow in a
Circuit. The unit of measure is ohms.
Conductors of electrons have levels of
resistance to current flow. A copper -

+ Wire ‘has less resistance to electron
flow than an equal size and length of
aluminum wire.

~’.—‘

i
i

% . .
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:E1ectkica1 Terms and Measures

/ —
Inssfbctor liotes: ‘

¢

Instructor Qutiine: -
‘ -3

Ty
-

10 amps
12 ohms
? (120 volts

Given: V = 240 volts-
: R 100 ohms

I =% (1.2 amps)

=

“Find:

Given: V = &20 volts
v I = 3 amps

| Find: R = ? (40 ohms)

’

~

Given: 1500 watt space heaster
120 volt circuit
I =7 (12.5 amps)

A

-

[N

. 18\-‘

C, Voltage - a generator produces the
" driving-force for electron flow through
a.conductor. This driving force or -
electrical pressure is called voltace.
The unit of measure of,EhiSJﬁressure

is the volt. -
Ohm's Law

Relationship between the electrical
pressure, voltage; the rate of current
flbw, amperes; and the resistanc to
current flowg phms, which exists is
known as OhmZS‘Law.

. A

14

o ( ) - ’;\)\'r i " s .}
The voltage {V) équals the.product of
current (I) and resistance (R)

V=1xR .

The equation can be solved for any of
the three terms if the remaining two
terms are-known. *

‘V=1xRorl=VRorR-:= V/1

>

<

Power - electrical power is measured in watts.
The definition of a (one) watt is the power
available from one amp of current with a

. voktage of one volt. The watt is then a
combination of the electrical pressure
(voltage) and the rate of flow of the
‘electricity. The eauation used for*solving
for power (Watts - W) is the product of the
voltage and current. :

-

W=T1xYV

This eguation holds for direct-current ,
circuits and alternating current circuits
connected to heating devices. The equation

can be solved for any variable provided two
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Instrqctor Notes:
. .

Instructor Outiine:

?

Kw = 1000 x W T

1 Hp. = 746 watts

“the equation requires an additional termey -
when the power is being calcualted from
a motor fn an alternating-current circuit.

The equation becomes: X, w
' ¢ ey
W=VxIxp.f. £ B R
- ‘ff?

‘/ Where p.f. is called the power factof the

power factor term results from the fact
that in alternating current circuits

‘cannected motors, the voltage waves and -
current wa do not peak at the safe time.

The product off voltage and current hust be
corrected for 'this difference® Manufacturers
bulletins on a given motor will usually
include .the value of the power factor.

Power factors will generally be in the

- range of from 0.5 to 0.87. The power factor
will not be greater than 1.0. i

w

Two additional ferms [s\ﬂou:ld become a part
of the vocabulary: , C o :
. /
. A. Kilowatt - the ki]owatt‘is equal 'to one
. thousand watts. .
B,ssBrsepewer - the measure.of electrical
power is tive watt. The measure of

L Rl
DTN

o mechanical power is horsepower.

V. Energy - the previous units of voltage,
current, and power now lead to a most
important issue confronting the operator -
‘that being energy. The unit of electrical
energy consumption ‘at the treatment facility,

+ Or in the home or office, is the kilowatt-
hour (1000 x Watts - Hours).

The watt-hour is the measure of one watt
of power used for one hour resulting in
énergy consumption of one watt-hour. The ,
kilowatt hour is used more commonly.

!
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" Topic:.

E]ectri&a] Terms and Measures

Instructo}LOqtiine:‘

y——

. Instructor Nptes: «\

[

-

tGiven: 3é169 Tues.
Given: 31086 Mon.
13083 Kw-Hrs.

L}

Text Figure 2-7b
)

Text F{gure 2-8 shows two
readings

4

v

Cm

-

le to read the
meter which records the amount of energy -
used at the facility:.- Hé should also be
able to understand what individual units
are-using this energy. He.must be able to
understand the difference between a 5
horsepower electrical motor and a trouble
cord with a 60 watt 1jght bulb.< He must .
become energy conscfoLs, relating 1ights
Teft on needlessly (or motors) to energy .

consumed - ‘dollars spent wastefully.
¢

- The operator should be ab

&

e
A. Mefer Reading

1. Cyclometer regi%%er kilowatt-hour
meter. This meter-is quite easy

to read as it displays the ki]owaif- :

hour reading in digits like an
automobile's odometer,
should be given to recording the

meter reading daily.  If the facility .

"is manried around the clvcky flow
. metersware typically read and
recorded at midnight. Read this

meter also and record energy consumed

for the twenty-four hour period.
Graphical display should also assist
in increasing "energy awareness".
.One~ or two-shift operations need
only select a specific time for
- daily meadings. Energy used 1s .
simply the current day's reading
. minus the previous day's reading.

2. Pointer register kilowatt-hour meter
These meters have four or five dials.
The point of caution is that the
dials do not all read the same
direction. Some otate .clockwise,
the others counter-clockwise.

First cheek if the d¥al is. numbered
clockwise pr counter-clockwise. Thep
read each dial by recording which
number has just been passed,” reading
and recording from left fo right.
Energy, consumed is then figiregd as

A

4

Consideration -

!

¢
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[Module»ﬂo: T Topicew : o ’

Electrical Terms and Measures‘:) o

Instructor Notes: ' Inst}uctoq Outiine:

/

° 2 v B
A

\L previous]y,déscribed.by-subtraéting

previous day.s reading from présent
+ dayds reading. - !

P

s

The meter at the bui]ding’being ' Final Caution. Some meters. have a
used for the workshop should, be *"multiplier". If a‘multiplier is. used, .
read the first and second day . «  the value of the multiplier is posted
of the workshop if accessible : on the meter face. This requires that -.
safely and conveniently. & "~ - . ‘the.dffference between two day's .

) ‘ readings" be multiplied by the value of

~/ . the mu]tip]ier to determ#ne energy used.

A
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Module No:- & . 4 Medulg Title: - . e v
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T Submodu'be Title x " . : A
\ ,; . \
Approx. Tine: Wi ring Matelg.]a]s and Prac 15{5’ O
* N ‘. . /Ta%’\ S .
‘. 1 1 hour o bove " -
_.v‘ . . . 4
Ob ectives: ' , e . ' ' ,
= \. o .
1.. List iwo basic dif erences between meta] conduit and ordmary water p1pe .
. 2. Define by matchmg the "color code" '
3. Given two wire sjzes (e.g. 8 and 12) name the larger.
] 4. List a symptom o \undersued wire. - . ‘ )
. 5. Sketch the following two circuits:’ v - |
A. 3 light bulbs wired in serigs ., . P R . .
B. 3 light bulbs wired in parallet . . &
! » . T
I3 s, v ) . » '
Instractional Aids: o _ | ® o ﬁ :

1. Transparancies 9! , e L e )

2. Handouts - -y .

3. .Model (possibly) : ¢ -

. - , -, -

LI -
Instructional Approach: S C %‘ . ... R
Y ,;’ N . } N ’

1. Llecture L~ - SN o ' -
v2. ‘Discussion L . ]
References: . ‘ :

1. Unde{standing and Usjng Electricity, McKenzie & Zachafiéh. i T
: v ’ T 9‘ 1y
| ° g\ ~
’ - ,
Class Assignnents: ' b s ¥
L] . . »
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Wiring Materials and Practices

i

(

:Inatractor~Notes:‘ ’

)

s

- Instructor Outiine:
' &

;}/is not the intent of this
Odule to "make" electricians
of those completing the
workshop. It is the inten

to make the operator "aware"
of wiring practices.

[ oL

2

\

(If possible samples of as many
types and sizes of wirés should
be available for the student to
see.) ol

Electric Wire ! 1
Insulation - insulation serves two
purposes: .

A.

I3

1. Prevents électrical leaKage
2. Shields the conductor from physics]
damage R

B. Application - Table 3-1 of the text
(Page 12) is excerpted from the National
Electrical Cofde and presents some
common electiical cable and wire types,
their designadion and their application.

{ 7
Imprint - wire intended fop'pe{ﬁanent
installation and some extension cord
wires are imprinted as example j
"NM 10-3" meaning nonmetallic sheated,

number 10 wire size, three conductor
» cable.

An imprint "GROUND" oy’ "GRND" indicates

a grounding conductor. Grounding is- °
covered in the "Safety" sectiph. -

~
¢

D.

\\

Size -"electric wife size'is measured by
the area of the

actual wire sj;
the AWG numbgy
diameter. '/

Note that the larger
» the smaller the wire

/ ‘ L.
Size of electric wiring is very important.
- ETectric Wire“can be compared to water
' a Water system, large flows
large” pipes. Wire is comparable
high current (high rate of fTow)
vires large wire. If the wire is
)0 small, the wire will heat up, the.,
€at resulting from the résistance to
W rate. - .

10ss sect&gn and normally -
* Aesignated by af’ American Wire Gauge (AWG) ..
number: Figurg/3-4 of the text shows )

Q
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5 : : : P ‘ —
L 4 There are other comparisons that can
N - A "be made.between electric circuits and.
| a ) o water systems. S
‘ Text Figure 2-4 - y e Pump - generator
( : . _ Rate of flow (gallons/br) -, flow of
. : n?‘, electrons (amps) ‘ :
' Pressure - wvoltage
Valve - switch
~ a

, ~ , Turbing (Toad) - motor (load)
~ ’ -
‘ IT.” Conduit Wiring - this is the most common
/o technique used in treatment facilities
. . (as opposed to nonmetallic wiring done
in private residences).

A. Advantages include; . e Y
N . ., ' ' . {
) * 1. Pulling wire through with reasonable
R ’ " ease. .
) —
2. Can be cast into concrete, suspended,
or surface mounted.,
' 3. Is a conductor for :ground".
] . - -
. . ‘ B. Material
S : ) 1. Steel, aluminum, or plastic
e . : ¢ 2. Differs from water pipe in that:
. a. Bends easily- + = - .
! b. Smooth inside surface
c. Corrosion resistant (water pipe
~ .should never be used as conduity
¢
. - ‘ ‘ 3 :
- - i 7
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. . .

14

e ) Text Figure 3-6b shows some of C. Components
: the: components (a display ‘ . - (
‘|mode1 would be appropriate - 1. Boxes.
to show the components). -
SR . 42. " Clamps
} 3. Bushings - .

4. Connectors
& B IIT. Color Coding -
@ %;//ﬁ%?te or natural gray is the color for _

the grounded also called neutral
£ A conductor. .

FAY

2. The "grounding" conductor, that which’
" cohnects to the surface of an appliapte

: oL . . , " or unit to sudply a continuous 1ow
v resistance path to ground, is- green
Or green with yellow stripes. BN

. 3. The ungrounded or "hot" conductor in a

& ‘,; . .. ) © ] twoxwire plus ground is normally btack.
. ) » ! F o~ L
4. Three wire,p]us‘ground is usually one
] S B © black, one white, and one red.
. " . /I , 5. Switches or duplex receptacles are also
L, , _ ' coded: - ’ © /
T . S :\v!%a; Hot side has brass SCrews i
. ) . . b.. Neutral side has silver or ctrrpme . -
-, . " screvis : ) .
, Y . .. . " » ¢. “Grounding terminal is green
L4 + - . ‘ . ‘. P \
|~ - ' o et
’ 'j 3 i t . -
o 4 / ]
a8
| - - ’
| . ‘
r
< 20 )
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D e i

Yt Instrucf%r Quf}ine?’ .. "

L Neak, -’

: - b onaca

<
for: -
-

1. AC source

2. . Fuse “
3% Switc &
Amme ter T .

5. Voltmeter :
6. Connected wires
7. "Mires crossing - not
- .connected )

8. Incandescent_lamp
»F‘ . \\‘

circuits

Figure 6-- E]ectripa]~symbqﬂs

Figure 7 - Series and parallel

v ' ' * ' i
Iv. iymbo]sa- most electrical Wiring -diagrams

\ave a legend to assure the readability °
of the wiring diagram. A-few generally.
accepted symbols are. shown 'in, Figure 6y
These should aid in the discussion of
simple circuits, .

&

Simple Circuits - a circuifiwas previously’

‘defined ag a complete pathway for electrict,

current 'to flaw. Two types will be brj%f1y%

Covereds

/ LA

‘. L] l. “ﬁ . ‘ ‘
- A, Series £ivrcuit - some Christmas tree

Jights are wired-in seyies. This
>hould give a clue as to why lighting
fixtores in-a home or office are not.
wired in series. -There are. three -~ o

" ‘circumstances which eould result in“an
"Open" circuit: ' B
. . e .

-

1, B] fuse ;,;/%\' S e
2?f>96§ﬁ?switcb v -
3

- Burned out Tight bulb (in which case

i the remaining good Tamps wouldn't .

light).

TF the source s 120 volts, and there .
are three, 60 watt pulbs in the light -
fixtures, what is the smallest fyse
which should be used? .

e t .
I=V=120s .67 amp
R ,1’8‘0:\, .

PN

N ParaTlel Ci;zaﬁﬁyé notice that in the
parallel circuit"each lamp provides

an independent path for curreht to flow
and removipg-a 1ight bulb does not cause
the other two to go 6ut ive. a closed
Circuit still exists.

N

» -
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FIGURE 7 ~
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Module HNo:’ Module Title: }
. Basic Electricity ’

Submodule Title:

Approx. Time: - —

Fuses and Breakers

Topic: j ' o

1 hour

L4

14

Objectives:

1. List what causes a fuse to "blow" and what actually happens to the fuse_as
it "blo ko

2. List three common types of fuses.

3. List why an overcurrent dev1ce should never be placed in anv p
drounded conductor.

.o -
8
. Y

Instructional Aids: C -

1. Resistance meter (VQM)

‘\
Instructional Approach: - ' 7
1. Lecture
2. Discussion
3. Hands-on
References: .
1. Understanding and Using Electricity, McKenzie & Zachariah.
. . e,
l:~ ““v‘/ ‘
, - - : - e
Class Assignments: ! : ‘ . : . *

’
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Fuses and Breakers - '
InSt"uCtOr‘ ”Otes -~ g Instruc,tor Out‘lirre: ’ L
T.s Overload,Protection - yet another
comparison of an electrical system and a
) .water system. Just as a water system
' . typically has safety (pop-off) valves, so
¥ too it is a must that electrical systems have

protection against overloads. There are two
basic types of bverload protection that will
.be covered. ~ N

A. Tircuit Protection - every size of
electrical wire has a "safe" current
carrying capacity. Circumstances
around and above the wire in a given
circuit may have some influence on the
safe capacity such as exposure to
direct sunlight, well or poorly

* ventilated room etc. The protection
device to protect the wiring of a
given circuit should "open" at such
time as the power demand would, cause
the copductor to' hedt, damaging the
conductor's insulation. The device .
might allow short duration overloads,
but even short duration overloads can
be detrimental to the wiring. '

Ranedi ‘
Never should circuit protection devices
EE_EEbated (penny behind fuse or tying
a cir§uit breaker are examples of that
which should never be done).

-B.  Equipment Protection - motors and some
. additional electrical devices must have
overload protection just ahead of the unit.

Consider.a motor which draws 3 amperes
of ‘current at full load. The circuit
which serves this motor has an overload
protection device rated at 15 amperes. -
Note that if the 15 ‘ampere device (fuse)
is the only overload protection, the
motor could draw as much as 5 times its

L -« full load current before the 15 ampere

device would "open" sthe circuit. - The.

d - motor could syffer some demage - a person

coming into contact with the motor is in o«

- - . B A

30 R “'
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y danger. If, however, only this one
. . motor is served by the circuit, the r
. ) 15 ampere overload protection device
could be replaced with am appropriate
3 ampere overload device. In other
. words, if only one motdr or appliance
or electrical unit of whatever purpose
is served by a circuit, the equipment
protecting device and the eircuit
protecting device may in fact be just
one overload protéction device. In
this case the circuit overload Tevel .
must be higher than the unit overload
level i.e. the wire's safe current
“carrying limit must be greater’than
. the current limit of the motor or
. “.appliance. ;o :
. ¢ ’ II. Overload Protection Devices - the‘ogjf]oad
. "protection devices are_generally copffdered
to be fuses -or circuit breakers. *

A. Fuses - an electric fuse“contains a
. strip of soft metal or wire which is
designed to carry only up to @ given
amount of current. If.for whatever
reason, more current begins to flow in
«the circuit than the fuse is designed

.

- . to carry, the metal strip melts, or -
)\—/;//'—~\\\ burns out. ¢ This results -in an open |
) L circuit, the current flow stops. Fuses -
., P ) .- are denerally of two 'types: Plug or

* screw base and cartridge. -

& There are then three main types of screw
' base fuses: Instant blow, time delay
~ and non-tamperable. Y
Text Figures 4-3, 4-4, and ( . I Instant blow*is the common type fusé '
_— 4-5 display the, three types and is designed to burn out as soon
of fuses. s its rated current capacity is
. : eXceeded. . *
: ' N )
1 ) i
- » R , R

: : 31 e
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Instructor lHotes:

Instructor Outiine:

«

. SN
Text Figure 4-2 displays two
cartridge fuses

/

¢
;

.?igure'é Cifcuit one showing
a battery and resistor (load)

S

32

Time delay fuses are available for - .
Circuit protection in‘which
momentary overloadseCan exist,

starting a motor for example. This

N

" type fuse will carry an overload

. determination.

for a few seconds without burning
out but will burn out if the
overload persists beyond the dglsy
time., - , . .
L
There is another type of fuse, the
"non-ta@mperab18" fuse. (Fusestat for
example). The two component parts
are the adaptor and the fuse. The
adaptor.has a spring barb on the
outside that prevents it from being
removed 'once installed. The r
adapters have amperage ratings and
only accegpt fuses of one amperage
Jating.  In other words if a 15
ampere adapter is installed, only
15 ampere (fuses'will fit into the
adaptor; a 204ampere’fus¢ will not
fit a 15 a%pere adaptor. Thus the
name non-tamperable.

Cartridge fuses, are generally of two
. types:

Jhe.smooth ferrule and
bayonet. ‘The screw base fuses and

" some carfridge fuses can-be

recognizéd as blown from a visual
inspection, the metal strip is
broken and a blackening of the glass
may occur. How does one Betermine -
if a cartridgei-is blown? A volt-ohm
(VOM) meter, a meter which can
measure voltage and resistance, is
an excellent "tool" for this—
Consider!the first
tircuit diagram on Figura 8. Notice
that a complete closed cilrcuit exists
with a battery providing 1.5 volts
of electrical pressure and a "load"
of 100 ohm resistance. Current will
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flow in this cirtuit. Now Tet's add

—
1
<<
~
=
1
ot
(8,

L

10 — . a "fuse" to this circuit, the fuse
/ . that may or may not be blown.
Circuit two, adds fuse If the fuse is blown and open circuit
: ' ‘now_exists, if the fuse is not blown
"a closed circuit still exists.
¢ ‘ 7

Now Tet's rename a portion of this
circuit and ohm meter (resistance ?

. _— meter). It comes complete with a

: ' ‘ R voltage source, a battery; and a load,
a built in resistor. First Tet's look

A . at the circuit possibilities. There

) ) . will either be a closed circuit (the

. | fuse is not burned out i.e. the soft
' T metal strip is intact) or there will be

. an open circuit (the fuse is burned

out i.e. the'soft metal strip is

broken.) Al11 that remains is to
determine. how: the ohm ‘meter will indicate
the two possible situations. The

An ohm meter, a good fuse, ’ following steps should be taken.

and a blown fuse should be _ |

available for demonstration ° - 1. Remove fuse from the fuse-box
. v 2.+ Move away from the fuse box

. 3. "Zero“ the resistancé‘meter
. . . - 7 4. Check the fuse

\\‘ . » a. Cartridge fuse - hold a "lead!
T © to each end of the fuse.

™b. Screw in fuse - hold one lead
" tothe center (silver or chrome)
contact of the fuse and one .
.lead to the brass thread (side
of* fuse) -




9 »
, Page 35 of 57
Mod.ule Ho:_ Topic: - | — ‘ *
Fuses and Breakers )
‘ e
A\

Instructor Notes:

%
~ T

Iq%;rﬁctor Outifne: N /

[l

- N

Text Figure 4-6 displays a
circuit breaker cross-section

= -

Y : .. £
-;ﬁﬁ = 5. Results of 'determination

. ¥ , e ?

- a. ‘Resistance meter reads zero -

-

fuse is_good (on most jgters
the dial will move from. the
left to the right). 7

&

b. 7Res]'stance meter shows no
deflection --fuse is not -goed.
(The.dial* does not move when

e leads are properly held to
the fuse.)

B. Circuit Breakers -<a!Eircuit,breaker is a
combination of a fuse and a switch. In -
$lace of the soft metal strip that burns
out necessitating the replacement Of'th%
-cofplete fuse the circuit breaker has a
bimetal (two different metals) strip.

" During. an overload situation heating occurs.
The heat cauiés the metals. to expand “at.

different rates causing bending. The >

bendig trips the breaker, "throws" the
switch, and the result is an open circuit.
After the bimetal strip cools (and
straightens) the breaker may be relet,
closing the circuit. If the breake}
continues, to be "thrown", the cause of the
overload must be determined (generally an
‘electricians duty) anyttme a circuit breaker
opens, it is an indication of trouble.
It is important to realize that-a circuit
br€aker is in part a mechanical device.
A11 circuit breakers should be opened and
reclesed on a regular "preventative
' maintenance type"#schedule (once per month

is suggested) to help insure free action.

, and contacts: . i

N ’

C. "Heaters"‘'- mést oferators have been using
the term or at least heard the term "heéater"
in conjunction with motors. A heater used
in this context is an overload'protection
device. It is an "equipment protectionA
device" as’obposed to a "circuit protection

v I3

35 h .‘ ? "y o
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K device". Motors ha29,£%é¥ifng current
demands fsometimes as high as. four tj.mes
“the normal runn1ng current. Circuit -
protection is not infreguently fusédkat
a higher -level than what would be a .
damagi ng cirrent’ for the motor. The -
pr1nc1p1e of the heater is quite s1m1]ar ’
to a circuit breaker. " For example, a
15 .ampere heater is désigned and ¢ tructed
50 that an exténded current above 15 amperes
will result in heating of the overload
protect1on device (the heater) which ‘then

"opens" the circuit, thus preventing

damage to- the motor: , .

D. Llocation of Overload Protection Devices -

. be placed in any permandntly grounded .
conductor. If this were done, pulling the
‘fuse or breaker opens the circuit, but the
hot lead would still be connepted, ready
to supply power. If a short circuit . - .
. deveToped at the 16ad point, there would
- . bemo fuse in the hot (Bower) line xo open

T the circuit. ]

Overload protect1on devices should never -
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Submodule Title:
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AL

Rating, D. Service Factor, E. Temperature Rise, F. Horsepower.
5. List the maip advantage DC motors have over AC motors.

4 N s

: " H -
Approx. Lime: y Motors kY
Topic: , b

"1 hour , ’ e -
Obrectives: . h -
1. List the two typical tyvpes of motor bearinas.
2. Define "service factor" as used on a motor nameplate.
3. Define temperature rise as used on a motor nameplate. ‘ :
4. Given a motor nameplate list: A. Phase, B. Voltage - current, C. Dutv

Instructional Aids:

‘ ¢

. et

Instrucgional Approach:

1. Lecture
2. Discussion

qﬁ‘kederente;:
1. Understanding-and Using'Electricity
.---}?' . /\'

Class Assignments:
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It is not the intent of this
section to go into much depth
of understanding. ~ There are
many types of motors and
courses of instruction are
generally available at
Communi ty Colleges. This
brief section will emphasize
primarily the information on
the motor nameplate.

G?

I Figure 8-11 shows tygigglf/

*nameplates

»

Text Table 8-1 (Page 48) lists some of the .
types of electric motors, somé of their S
characteristics, and typical uses. There

may well be both AC and DC motors in the
treatment facilities (both.water and -
wastewater). DC motor have one major advantage |
over jmost ACinntors, that being the ease with
which the DC motor- speed can be changed.

The operator should read manufacturer's
information on motors in the treatment facility. -
The information should be a part of, or an
attachment to, or readily access+ble to the
‘perator, Theye is an extremely appropriate

few statements in the text appropriate to motors
~and in other units of a-given facility.
"Knqwing what questions to ask is frequently .
more important than knowing what the answers
are. The danger lies in the questions that

he néever thinks to ask until it is too late".

I. Nameplates - motors are .of various types -
the operator should, again, read the
_information availablé at his facility on the
given motors in use. "Although motors are .
of various types the nameplate on eath
motor _contains most of—%he important
information about that Mmotor. A basic
understanding and knowledge of that .
information.great]y enhances the operator's-

. ability to "ask the appropriate question".

A. Model number < an obViously important
bit of §nformation should repair parts_
be necessary

to exactly what motor

is being discussed
in a given situation. T

B. Horsepower - self explanatory
C. R.P.M. - revolutions per minute -

D., pH - phase, Eing]e (1) or three (3)

38

and to alert the manufacturer
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E. Duty, - duty rating concerns the
durability designed into the motor.
Motors are designed for cont1nuous
and limited duty.

1. Continuous - will de11ver rated
horsepower for an indefinite
period of time without. overheating.

2., Limited - will deliver rated

horsepower -for a specified perlod\\\\

of time only.

. F. Rise - the normal temperature is taken

. to be 40 degrees C. (1040 F.). Thts
is called the "ambient temperature”.
A number following "rise" on the
nameplate refers to the maximum
temperature rise above the level of

- ambient temperature that will occur
while the motor is operating. at full
load. Damage to the insulation of the
motor could be'expected if the ambient
temperature of the area in which the

" motor is lounted is greater tham 40@
Ser. Fact - service factor indicates

. the amount.of overload thé motor can
operate.~ A service factor of 1.0
means’that the motor will not tolerate
any contthous overload.

‘r

H. V. - voltage 1n‘v01ts

"I, A, - full load current in amperes it s
Tiot uncommon for motérs to be able to

be’ connected to- different voltage levels.
Wiring diagrams are generally on the
nameplate or “in the junetion box to
which the wires are connected for the
elegtricians benéfit. Periodic current
readings, (possibly d15p1%yed on graph
paper) of motors are’ appropr1ate

L
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"preventive maintenance” procedures.
Troublesome down #imés can at times be
minimized if_a "history" of motor ~ P
performance has been routinely compiléd.

Code - codeg]ettersﬁave been )
estaRlished which relate to.the,amount
of purrent that will flow into the
_@g}gr windings when the rotatiorf of
e shaft is blocked. Practically;
this refer;mgg the starting current.- .
nsider a or which.is shut off,
not -running. The switgh ise turned on,
ellectron j%guubegins insfantly, but
fqr a sp17t second the motor is not =
yet running, and-it may-take some
seconds to reach its operating R.P.M. -

-During that period of time 'thescurrent

1177 Motor Bearings - There‘zigdtyp#cally two -,

flow may well be several i the
norma™~full Joad €urrent. Thete

of va1ue§§t~lhg,code<assjgns rapges

in alphab®tiT order where code letter
A'on a nameplate would indicate & o
startinanggreht on the oxder of 3 5 °
times normal full load curfent. Code -
letters farther into the alphabet may
indicate a starting current as high as

6 times wormal full load chirrent.

“"code" letters have assigned ranges

A\ types of motor bearings.

Sleeve bearings\- motors of less than
one'qorsepower ually haveg sleeve
bearings.” They dre 0il Tubricated.
Manufacturer's instructions should be -

followed for Tuprication diréc@ioqs.
A . L

Ball bearings - motors mounted with the:
shaft vertical should have ball-béarings.
They are typicall lubricated with

grease but here“again manufacturer's -
instfuctions shduld be strictly adhered:

. & to-for ]ubricgting‘directigns.,

40
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/' [Hodule to: - Modile Title: 7
/ Basic Electricity
4
) Submodule Title:/
ApproxX. Time: safety e -
Topic:. - K o,
2 hours -
. “* - K < o

Objectives:

Define: A. Reaction current, R, Let-ago current, C. F1br111at1n0 current

1.
2. List two reasons that fuses.or circuit breakers are installed.
3. List the purpoose of the arounding (qreen) conductor on an apD11ance or tool.
4. Define "double insulation". _.-
5. Define a "ground fault interruntor", and detail how it works.
1
Instructional Aids+ , . ) *
. 1. Resistance meter ( VOM? '
2. Grounded receptacle check 1nstrument <
3. Three prong adapter -
. 4, Ground fault interruotor \ .. . .
. | : -
Instructional ﬁgproacﬁ: 4 ‘ ) )
Lecture i
2. Discussion -
3., Hands on
References: -~ _ ' - -
7. 1., Understanding and Using Electricity p
Class Assignments: ’
[ 34 ]
< s
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— The Cedar Rapids Gazette

, 1972

- Man, 27, Electrucuted

By 'I‘om Alex

Gozette Potice Reporter

A 21-.year-old . man was
. electrocuted Monday afternoon, ap-
parently when the drop cord to the
. electric drill he was. using came in
contact with water, Linn—sheriff's
. deputies said. ’
Deputies said {e
was trying to fix a gate
about 75 feet from his house. "The
drop cord was in water anad the grass
was wet,™authorities said. "I‘he cord
"hada bad connectnon. .




Hodule Ho:

Topic:
Safe%y

r

Instructor Notes:

InstructOﬁ Outiine:

I.

Electric currents and people

There is.no more important topic in this -
module of instruction than the discussion’

- of safety. EleCtrical safety means more
than"being careful to not. be shocked. It

is wrdng~to' think that the common 120 volt
circuit isnot dangerous. Most have no

Jdoubts of the danger of faulty 220 or 440
volt circuits. It is a fact that it requires
less than the amount of current needed to

Tight a 7.5 watt Christmas tree light bulb

to ki1l a human being. It is significant

to note that more people die from 120 volt
shocks than from high voltage lines. Of
importanee is that persons only must realize
the potential hazards and exercise generally
simple, common sense type precautions. . 1

] -
Anytime a person gets more than a simple
static electricity shock when he comes into
contact with ad%app]iance or piece of
equipment, exercise caution. The unit should
‘be disconnected, the problem determined and
corrected. : . :

There are three levels of concern }e]ative
to effects of electrjcal current on the
human body.

A. Reaction Current - : .

This is the smallest current- that might
cause an unexpected involuntary reaction
~resulting from a ‘shock that could produce
an accident, for example dropping an -
.electric 'soldering iron or falling from*
@ ladder. : - ) .

-

B. Let-go Currents - T .

— ) A T .
This is the level 'of current above which
a person cannot let g0 of-a conductor
(frozen to the conductor). When the
let-go current is exceeded the person has '
lost voluntary muscle control. The-sdfe” - .

43
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femr— e

110 volts 1o
5,000 ohms
? (.022 amps)

“C. Fibrillating Current

. Hy— .
Module Ho: ** | Topicr ‘ P
Safety
Instructor Hotes: Instructor Outiine: : - .
t /uj'm ‘ ) -‘1 ‘

. Tet-go current for women is generally
about two-thirds that for meq.
Generally for, men, the let-go current
is aunt 9 milliamperes (.009. amps).

.Recall Ohms law (V = IR). Let voltage
equal 110 volts and the current equal—
0.009 amperes and solve for R, the
resistance. (R = V/I). :

.This means that a 110 volt circuit with-
a load (resistance) of 12,222 ohms has

a current flow of 0.009 amps. Now
rearrange the equation and notice what
happens to the current as the resistance
decreases; ‘it increases. Take the
resistance meter and have a student,
after zeroing the meter, firmly grasp .
*a lead in each hand. The student should
have dry hands. The resistance shown on
the meter may well be over 100,000 ohms.
.Now have’ the student moisten the fingers
on each hand that he is gripping the
leads. The resistancé will now be less
than 10,000 ohms, possibly as Jow as
1,008 ohms. The point is not that if you
have dry hands you can safely handle
electricity - the point is that with
even 110 volt circuits, a harmful,
possible fatal shock can occur to the
careless operator. :

Fibrillating currents are‘cu;rents high
enough that will cause an effect on the
heart known as "ventricular fibrillation".

< In lay terms that means the heart has

stopped. If the heart goes into
fibrillation, it will vdrely recover
without assistance. -It\is important to
remember that immediate. and continuous
artificial ‘respiration is esseptial for
a persgn who has received a shock .
resulting in ventrtcular fibrillation.

414
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Module Ho:~

.

Topic:
~Safety

V‘

Instructor Eg&es:

—
L 4

’

Instructor Qutiine:

0f equal importance

~ this magnitude is 1i
to? the circuit. If-
you in all probabili
part of the circuit.
necessity to remove t

is to realize that

the person who has' received a shock of

kely ‘to be "frozen"
you touch the person,
ty will become a .

Tt

s then a

he person from the

Circuit. If the ci
is immediately and
remove (open) it.
the ‘circuit breaker
immédiately: or safe]

rcuit breaker or fuse
safely accessible,

If the location of
or fuse is not

Yy accessible or

A.

.

unknown the person must be removed from.
the circuit. This can be accomplished
with a non-conductor such as a rope,
shirt, wooden broom handle, or something °
similar. (Not a chain, or pipe, \or

any "conducfor").. '

II. .Safety Protection Methods “and Devices -

. . LS X
Fuses and circuit breakers

Fuses and' circuit. breakers haVe- been
discussed as devices to protéct circuits
and equipment or electrical devices.
They are also safety devicés in thatJif
an overload situation arises the circuit
will be opened by 'the protection device.

* . This does not mean however that .just

because a circuit has a fuse and an .
overload protection device on the .
electrical unit that an unsafe or hazardous
condition might not exist. '

Grounding Conductor  °

A.grounding conductor is a green wire
connected from the metal surface of a.
stationary or portable device and
continued as a separate conductor until
it reaches the'ground terminal at the

" servige panel. At that point it is

o
~
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__hvlpdu]e No:  Topic: &\ r

: , |

: Safety ¢ |

. - N LN + -
Instructor Hotes: - 84 Instructor Outifne:’ : o

N . ’ Ol“ ' —~& 1 ‘o . :
S = } - anan—

Figure 9
4 ( .t

\\\
\\
/: \

.-
2
v ' .

.
<

A grounded recsptacle ock
instrument’ should be
available and demonstrated.
The possibilities' that
&ou]d result from the c¢heck
s} shown on the device,
should be explained.

-t

¢

\x ,
\{?\

XN
~

“ ., body) ‘for current to flow. If ithe

AN

N

\\<?\ind a stoppage of current flow.

N

-~ 'a Tine of Tittle if any resfstance

\Thé\third_prong of a three prong plug-jn is

connected to the grounded Kwhite) side
of the service conductors.i The purpose
of the grounding (green) canductol is

to supply an *uninterrupted {Tow re§istance
path for any ¢urrent that might reach

the metal surface.of the stationary

or portable device. ' E
Recall-the similarity betweeh electric .
systems and water systems, and then

recall the parallel cireuit diagram.

There will be a greater flow lof water

in the pipe without the restriction
(resisfance). A grounding ci%cu*t

provides a parallel circuit also in the
case of a short circuit - pardliel to

the ground with the human body to the "
ground. The ground wire then provides

(compared'to the humang body - recall
resistance determinatidns of the human

current is sufficiently high, i¢ would
hopefully "blow" the cireuit protection
device resulting in an "open" circuit-

the'ground line. -This prong should never be
removed as that would "open" thel ‘
ground conductor line. ‘

A relatively inexpensive device (less
than $10, 1977 price) is available for
checking wall plugs which include the
"third" or ground conductaqr receptacle.
The purchase of such a device should be
given consideration as it is a very safe
instrument to use and could result in the
Tocation of potential hazards.

-

1~

a5 e -
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Module HNo: Topic:

Safety

——

Instructor Notes:

Instructor Outiine:

\

A three proné adapter should
be available. .

b

A GFI should be available
for the student to see.

)

,ngure 10 - Schematic of g
.| gwall receptacle, GFI, and
.an electric drj]:.d .

%

v

C. "Double Insulation

Newer hand held tools such as electric
drills are now quite commonly "double -
insulated”. The three prong p{ug-in

. (the third wire bbifg the grounding

+ conductor) hand tools still exist and
the importance of the third wire shoulds
now be realized. The operator must
realize that if an adapter is used to
plug a three prong plug into a two prong
receptacle and the "green" wire is left
hanging in the open air, that parallel
wire to -ground does not exist. The
path for current in a short circuit
situation is then through the person
holding the tool 't ground. This is
certainly a part of the reason that
manufacturers of hand held ‘tools are

ing more double insulated tools.

Double insulation is exdctly as the name
implies.” Rather than‘a low resistance
ground conductor (third wire) for safety,
there is a plastic_ (insulated) shell so
that the operator cahnot make contact
with a Tive conductor. The insulating
shell isolates the 1ive circtitry®inside.
The inner circuits are made up of
insulated conductors.
elements are isolated by insulating
material or shafts so -that fault currents
from the inside cannot reach. them.

D. Ground Fault interrupiors (GFT)

This is an electronic device placed in a

afiount of current flowing td and From

an electrical device. Recall the "closed
circuit diagram and the fact that current
flows completely-around the tlosed circui
Using Figure 11 trace the path that the
current takes around the circuit. The

Any metal. exterior

,b circdit to detect any difference in the *

t.

“GFI compares the current level as if flows

48
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[Modp]e Ho: (

Topic:
Safety

Instructor Notes:

Tﬁéﬁructor Outiine:

K

ve

© 2 < circuit without distﬁnqecting the .

¢

. . - 4

to the drill and them from the drill. |
It detects very small differences in |
the two values of the’ turrent flow. If }
there is.a reduction in the return flow |
current, the GFI automatically "opens"_

the circuit: The GFI .opens the circuit
. “if the difference in current level is

5 mi1li-amperes. .

This type device warrants strong
( consideration in.a treatment facility.
<
E. Other "Safety" Suggestions
" 1. If a knife switch-is tp be puliéd in | -
an emergency situation, do not stand )
. directly in front of the switch.
>  And are resulting.from a -short-circuit
may be so violent as to burn through
the metal switch cover, spewing hot 4
metal in. the proximity -of the switch., .

4
1

2. Never cut off the third
grounded plug.: , , . -
¢ N > - ; . e.
‘o Never touch a wire before determining
5. cif it ds "Tive". o« : '

. A,

prong of a

Never allow work to be done on a

2. Master switch. N
P 3 \

A 5.;fCheck all wires and p]ugs}for fraying

' // -+, (bare wires) on a routine. basis:
S \
Y. P

-

ke f,i!‘
@ s

ot _rséf/ Have an emergency te]epﬁene li'st

posted near all

phones.

v A‘g‘\#“j . .: -
9. Be conscious of potential elec
. mgﬁhazards.

¢ .9 -9

i

trical
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Module Ho: | Module Title:
Ehsic Electricity

Submodule Title::

Approx. Time: Application
o Topic:
3 hours
Objectives:

3. Measure resistancg using a "VOM":

1. Measure voltage using a voltmeter in a simple circuit.
2. Measure current using an ammeter in a simple circuit.

1. Demonstration
2. Lecture
3. ‘Hands-on

d. Fuse (good and "blown" ones)
b. Lengths of wire
c. Heating element
Instructional Aids:
7. Handout
2. Model - o
3. Ground fault interruotor
4. Voltage meter
5. Ammeter (amp clamp)
Instructional Approach: / “

g
References:

-l

CHss Assignments: :

- i .- 51
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Module Ho: i Topic: - -
Application
- Y
Instructor Notes: ' Insfructor Outiine:
Figure 11 - Electrical model. The remainder of the workshop iseto be
Table 1 is a bill of hands-on training. ‘
materials for the model shown .
schematically.on Figure 11. Exercises which-can be included are: -
In addition a‘volt-ohm meter A. "Bui]diﬁg“ a series circuit
and "amp-clamp" should be .
available for student use. B. "Building" a parallel circuit -
. A ground fault interrupter .
should be used. C. Measuring voltage
D. Ca]culatipg current . -
. E. Measuring carrent 3 IS
. ; ] ) F. .CaTcu¥%fing watts checking agakngz/\\
‘ the Tlight bulbs being lighted in
.. ‘ ‘ the circuit. ~J ) N
) G. Removing one bulb 4n a series circuit
> . . . _and one.bulb in a parallel circuit. - °
’ i ¢
H. "Blowing" a “slo-blo" fuse.
: I. "Blowing" an "instant-blo" fuse.
2 : J. "Blowing" a circuit breaker_ N
' “\*‘“‘“'KT”‘Testiné fuses for failure. ] ‘
4.. . £l - ; v
- ]
. f.
- ‘ ;%ﬁr
el
- R R S
‘)2 N .’N—; A *-’,/,"g',h;r,;’ )-'
* ' RS . ¢ nr 4’,5'3"’“ ’
e K R, %,
“ ’w_‘ " r X
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12" - 1" x 2" lumber (eddgs)

1-27%4! x % plywood (back)

14 gauge-insu]afed Wire

o

" Solder . -

1- 3—pronjop1ug .
60 Watt, 100 watt, 150 watt

%éht bulbs
' p

- ’(;1

o

o |
TABLE T .

"3 - 24" Test leads (red), g

- 12 - 12" test leads (réd)
12 - 12" Test 1e;ds (black)

17 - Red banana plugs
17 - Black banana plugs \ ’
9 - PorCe1ain 1amp~ﬂases,‘
2 - % ampere fuse fiolde , )
1°- % ampere cjchf;—;zzzg;r .
1 - S%nglq pole switﬁh, box, and cover, plate %

.1 - Ground fault interrupte; (GF;) o )
1-2" x4 x %" Peg board (front)
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B AN transferqed from atom to atom are called - -

4. List two examples of good insulators.

4 ‘ . . R . A - , v
Mdtne No: = - | Module Title: . ‘ .
Basi&Electricit ‘

| Submodule Title: : 3 :

Approx. Time: | o : L.
% : "EVALUATION R ' ’ S
' a ) d ' . M . . a v
Objectives:- ‘ . N _ \
; . B . ) S

The learner will demonstrate that he has ach1eved the obJect1ves of the module by

. correct1y answering 70% of ‘thé auestions.

1. Electricity, of the form discussed in this module may be defined as

I3

Y

!

2. Mdterials made‘up df afoms which readiTy allow their electrons to be transferred
from atom-to atom are called

3. - Materials made up of “atoms which do not readily allow their electrons to be

—

« -
.

. A. o

+

© B,

5. List two examples qf good conductors:>

@

|
i
A. . . |
B. - - L e i
6. - current.is current in which the electrons. f1éw constant]}hin one
d?ll"ect'ion. . £y ‘ . ’ ' ‘
7. =~ ., current is. current in which the electrons f]ow first in, one i
" direction and then 1n the reversed dlrect]on in a circuit.
r Riiaay ' .
8. D1agram one cycle of s1ng1e phase current, .60 hertz Show,t1he to complete the f
~one cycley and Tabel axes. . ' , "
R \ v -




Diagram three phase current, 60 hertz. Show the time to como]ete one

9.
cycle and time between voltage peaks. -Label axes.
» -]
»n
- ¢ . < -
10. A ' i%ra device which allows voltage to be increased
(or decreased). . .
11. A N circuit results from 1mproper or acc1denta1 contact
between two or more w1res .
12, A circuit that fs cogtinuously providing a complete path for the flow
- -of current. q\ circuit.
13. A circuit that has been d1sconnected by a switch, fuse, c1rcu1t‘breaker,
or other break in the line. cifouit. o
14. Match the fo]1ow1ngﬁ
" . _A. Current ) A. The measure of eTettriCal power,
“  B. Amperes T . B. The movement Of e1ectrons through a
. . conductor
<
' C.” Ohms ' c. The measure of the resistance of a
conductor to flow 0f an electric
current. . hd
. - \ . '
D. Voltage - D. The measure of ‘actual e]ectr1ca1
. RN ¢ enerqy usage. .
E. Watts ' ' . - E. The medsure of rate of flow of
‘ e1ectrons through a conducﬁgr
F. Kilowatt hours ,)”1§’ " F. E]eétr1ca1 pressure.
15¢: Ohm's, 1aﬁL§{etes that voltage Equais the-product of current times T

resistance (V = IR). The circuit breaker in your laboratory.has been
.tripping when you turn on your muffler furnace. The muffler furnace is
plugged into_a 220 volt receptac1e The circuit breaker is rated at -

>
20" amperes. What is the 1eve1 of reSIStancegthat is safelv app]1éd to .
,th1s circuit. .

. ) 7“4 " B
LY . : o

=«




16. Record the reading of the meter. .

e ' ~ .
| ] . 17. List two basic differences between métai conduit and ;:Efqg}y wa%i:;gjbé._
’ A.‘@.' | /t,, ‘ E\/
B. ‘ “1? py ' ’
’ o \> 18. Match the following: .
) , ;____A. White wire ' A, Grounding conductor (neuf%a]f
__;T__B. Green wire “B. “Hot“ o, undergrounded conductor
_ . ___;_pl B]Lck‘;fre; C. nGround1ng conductor of a branch X

\ circuit- .

19. True or False. A No. id olid conductor\will carry 1ess current than ¢
a No. 14 stranded wire co ductor \

x - - = . i * N

20. List a symptom of wire that is too small.for the current flow in it.

2

g 21. Sketch 3 1light bulbs wired in series.

— A

.
4 ' <
]

. h
Sketch 3 T1ight bulbs wired in parallel.

. >
. P
N +
. ¢ ) ‘e
- .
—_ . M YI' ] .
< . < -
N B
\
) .

b
\_&Y
(.3
I

L

o ' : 75 2 2
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L

T ~ % b R
23." What causes a fuse Yto"'b]ov?'"?
24. What physically happens to a fuse that "bJows"?. . L
© r . ®
25, Ljst three comion types of fuses. = : : T a
AL , - (.~
B. - L o
‘ ) N . . ' * .o EW
C. ‘ ) . ~ .
, ) ) .
26. MWhy should an overcurrent’ device never be p]aced 1ﬂ 2 permanent]y
grounded conductor?
#*
27. ‘List two typica] types of motor bearings.
v i e .y :
A - . L Coh
B. L » . , . °
4 . : s o, R S ]
28. A motor has a service factor of 1:}5. What does that mean?
" -\% \ . v 7’ i . . Tote * :
1 . ! . - ’ '/ LN
29. True_or False. The number fo110w1nq rise! on the nameplate of a motor
o - refers to the maximum- temperéture rise above the level of ambient
temperature that will occur while the motor is operatiftg at full load.
30. From the nameplate shown, list the required iﬁformatibn. \\) ,
© Model 24641 - WA I voms  v.oaso 0 A
_RPH 1725 ' Pry ~ A 15 has |
Hz60 . - . Foesg’ T T Y
Duty cont. _Rise. | ‘ . .
© Typey KF Ser. fact.~1.0 ‘
R . ) \ ,




34.

B. Lei-go current < B.

A

C. ﬁFggrillating current  C.

[N

4

v .
/ -
Page 5 of fL_
=7
"A. Phase s
B. Voltage . .= \
C. Current R )
D. Duty rating - "
) E. Serviée factoﬂ\\\t >
F. Temperature rise
G. Horsepower‘
31. List the major advantage of a DC motor compared to most AC motors.
32. Match the following: N
- A. Reaction current A. A level of current above which a

‘person cannot let go of a conductor

The smallest current that might cause
an unexpected involuntary reaction
and produce an accident as a result
of being shg;ked. ’

The level of current which causes .
Heart- action and blood circulation to
stop.

13

List two reasons for installing fuses or circuit breakers.

T
B. Double insulation: B.
MY

B

the following:

/

Grounding conductor A.
circpi

An electrical device placediin a
to detect any differences in
the amount of current flowing to an
‘appl}ance~énd returning.

A p1a§tic shell which isolates the./

wiring inside an appliance; the
wiring itself is also insulated. -

53

R —




\\ ‘ B
. ~ p 6 6
' - \ o 30 7 gf e .
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C. Ground fault interruptor C. The green wire connected from .
‘ s .. the metal surface of an applicant
A~ . ® o, : and continued as a separate
J : conductor until it reaches the
> S ground’ terminal at the service
. . ' ) panel.” . ,
§ - 7
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Eva]u%tioh An'swers

. v
/ . <
— . . ,

1.0
2.

10.
11.
12,
13.
14.

17.

The movement ‘of electrons through a condictor.
2

LConductors ° . . )

\ <

Insu[ators-

GlasS, rubber, plastic, bakelite, ;ﬁﬁﬁhpure water, dryv sandy soil.

Copper, aluminum, silver, tap water, damp ‘soil, hum%;\dey. -
Direct ' '
Alternatiﬁg

Check against Figure 3
Check against Figure 3
TFansformer«

Short

N i ~N ~ ,
Closed . . . t '
a ? . .
Open
A. B. *
B. O E.
C C
D. oo ‘ ’
.S A . -
A Y “

F.o D . Lo
llrohms’ o, I T

it bends easily = B

Inside of conduit is smooth .

Eonduit has corrosion -resisting finish

.
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18, A.. A S A ’ v
. . - a—\ '° —
\ eB ) C. Ao\: , =~ 2 / P
R B. 3 " ‘
' &
A 19. False =
) L .
20. Heat -~ .~ Y .
21. Check against text Figure 2-2.
22.  Check against text Figure 2-3. “
23. Current flow in excess of the fuses rated capapity.' _— N
. 24. Metal strie within fuse melts, resulting in"an open circuit.
. ‘ LS
25. A. Screw or plug "
B. 'Cartridge \. ™
B ! ’
C. Bayonet : ‘. ,
* |26, If fuse is removed the "hot" lead is still connected to the motor; for
. example, redady to supplnwpowen. :
.. []
“1°27. A. Sleeve :
: B. Ball- .
28.: The motor-can tolerate a 15‘per'cent overload.
29, True : B A : o
. ‘ » . . .« /\
30. . A~ Single (1 .-
B. .115 or 230 -
C. 150r7.5 - - ~ SR
E D. Continuous (cont.) -
) . s
CE. 1.0 (ser. fact.f . "' RN
N F. None shown , ) \
\)\ ‘
. 6. .1 (H.P) ¢ .
| ~ T ’b ‘ (‘ N ) v
e oo ;33(). ©A g
T . ! —\' i ' e -
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1. The speed of votation of DC motors can easilv be chanaged. .
2. A. . B. ‘
"'ﬁ. -
B.. A v ) .
" / d b,
ToC. G o - ) 1
33, A. Protection of the wiring (circuit) .o .
! * o . o = ‘
B. Protection of equipment or appliances . L
3. A 6. ' < g
B B. - !\ . ‘ ‘ . p -: \
. - . ’ -
c . A. '
LY
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